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(54) MULTICAPILLARY ELECTRO PHORETIC APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED; To obtain a multicapillary 
electrophoretlc apparatus by which nnore capillaries can be 
observed simultaneously. 

SOLUTION: A sample which is injected from the upper end of 
every capillary la is migrated downward inside every capillary 
la by a migration voltage which Is applied from a power supply 
10. During its migration, a linear exciting beam 4 is irradiated, 
the sample is excited by the laser beam 4 when it is passed 
through a part irradiated with the laser beam, and fluorescence 
is emitted, A part of the fluorescence is reflected totally by the 
surface of every capillary 1a, the fluorescence is not radiated 
from the side face of every capillary 1a, it is propagated to the 
length direction of every capillary la, and it is radiated from the 
lower end of every capillary la. The fluorescence which is 

radiated from the lower end of every capillary la is reflected by a mirror 24, it is condensed by a lens 
5a and a lens 5b, and it is distinguished from bacl<9round light and exciting light by an optical filter 6 
so as to be guided to a detector 7. The output of the detector 7 is input to a computer 8 so as to be 
processed, and migration waveform data on every capillary la is obtained. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of 

rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application 
converted registration] 
[Date of final disposal for application] 



BEST AVAILABLE COPY 



http://wwwlapdl jpo.go.jp/PAl/rc5ult/dctaiymaWw AAAa222l3DA410019846^ 



13/06/2003 



^J^IOTTCES * 



Page 1 siir 3 



Japan Paton^ o££i.ae i.s not; responsible for any 
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1. This documeni has been translated by computer. So the iranslaiion may not reflect the original precisely. 

2, **** showe the word which can not be translated. 
3. In the drawings, any words arc not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention is the electrophoresis apparatus used for 
biochemical analysis, such as gene diagnosis and DNA sequencing, carries out electrophoresis of the saraplee, 
such as a DNA fragment (fragment) pretreated by Sanger's sequencing method using the fluorescence primer ' 
(primer to which tlie chemical bond of the fluorescent substance was carried out as an indicator), and relates to 
die electrophoresis apparatus of the online formula which detects the fluorescence which is in the middle of 
migration, irradiates excitation light at a sample and is generated from a sample, and determines abase 
sequence etc. Especially this invention relates to the multi-capillaiy^tube electrophoresis apparatus to which 
electrophoresis of two or more samples is simtdtancously carried out using two or more capillary tubes filled up 
with migration gel. 
[0002] 

[Description of the Prior Art] The DNA sequencer which ifi high speed and had a large tiiroughput by high 
sensitivity is needed for the base sequence determination of DNA with a huge base sequence like a man 
genome. The mulii-capiUary-tube DNA sequencer which arranged two or more capillary mbes filled up with 
gel instead of the thing using plate-like slab gel as the one method is proposed. Compared with slab gel, 
handling and pouring of a sample moke a capillary tube migrate at high speed, and they are not only easy, but 
can detect it to high sensitivity. That is, if the high voltage is impressed by slab gel, although a band will spread 
under the influence of the Joule's heat or problems, like a temperamre gradient arises will arise, in a capillaiy 
tube, there are few such problems, and even if it impresses the high voltage and carries out high-speed 
migration, there are few breadths of a band and they can perform high sensitivity detection. 
[0003] If it processes by Sanger method, four kinds of DNA fragment samples which the end becomes from A 
(adenine), G (guanine), T (thymine), and C (cylosine) will be generated. The fluorescence formula capillary- 
tube electrophoresis analysis apparatus which carries out electrophoresis separation of the sample by which the 
indicator was beforehand carried out by the fluorochrome by the capillary tube as a DNA sequencer, irradiates 
a laser beam at one point of an electrophoresis way, excites a sample, detects the produced fluoiesccnce, and 
searches for a migration wave from time change of the intensity is common. 

[0004] Drawing 1 shows the example. It fills up with gel in two or more capillary tubes 1 each other arranged 
in parallel, and the buffer tuba 2 and 3 are arranged at the upper-limit section and soffit section, respectively. In 
the buffer tub 2 and 3 Jt is put into buffer liquid, the gel in a capillary tube 1 is contacted, and migration 
voltage is impressed from the migration power supply 10 between both buffer liquid. It is arranged by the 
single tier, the excitation light 4 is irradiated from the longitudinal direction of the array, and a capillary lube 1 
is detected by the fluorescence detection system arranged in the direction in which the fluorescence which 
generated the inside of a capillaiy mbe 1 from the sample which migrates intersects the array side of a capillary 
tube 1 fluorescence detection system is equipped with a single dimension or the 2-dimensional picture 
detector 7, the optical system 5a and 5b for carrying out image formation of the image on one line irradiated by 
excitation light on the picture detector 7. and the filter 6 from which fluorescence is made to penetrate among 
the light from the sample in a capillary tube, and an excitation light component is removed, and detects the 
fluorescence image from the capillary tube by which image formation was carried out to the detector 7. The 
base sequence of DNA etc. is determined from time change of the fluorescence detected for every capillary 
tube. 
[0005] 

[Problem(s) to be Solved by the Invention] In the muUi-capillaiy-tube electrophoresis apparatus of drawing 1 , 
only the capillary tube arranged at the single tier can be observed, but the number of the samples which can be 
analyzed simultaneously is restricted. Though a 2-dimensional picmre detecipr is used as a detector 7, only the 
picture of the single dimension of them can be used. 
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r^h^^-, -k'm ,„>,fln inpi-il..nre nf the cxcitation light is earned out from the longitudinal directioi) of the 

[0006] Moreovex^whea ^^^'^^'^^ "J d^ers greaUy by the Incidence and omgoing radiation side, a 
airoy of a capiUaiy tub^ excitation i^Snt im^ y ^ ^ positions of a capillary tube. 

Sd enaXTit^observe simultaneously by the place where the eapiUa^^ tube is arranged. 

[0007] ui „Trv,„v,»«:^ or the side which the buffer tub prepared in the EoXni section of a 

[Means for So ving the fj°"^^\I^^^f J^J^j^^^^^ by which is equipped with two or more 

capillary tube m and el^t^<Jphoresis is simultaneously 

capill^y t.,bes « fl"^^^P 8 J and were ^ ^ P ..^stHuted from the transparent 

corned out by all «=ap>"^ S*!^ thrdirrotion which intersects the field of a capillary-tube array, exctahon 
member by this invention. F'^"? ^^.^^^^hJ"/^^ ^Ui one straiglit line which intersects perpendicularly 

optical ^'^'^^f^S^J^xSXS Sl^^.rfluorcsTcnce detection system is equipped with 

with the migration «^'^ecuon at all c^^^^^ outgoing radiation of the 

the ^Pt-^^^y^f^-^^^/J^'^^^^^ soffit section from the soffit side of a capillary 

Sy S flSc^?4SS'^^^^^ sample of all the capiUaxy tubes excited by the detector and the 

moSst^ If Lve^on '^^^^ fluorescence t.om the soffit side of a capiil^ tube, a 

Sp?Kt^^c^rS can a1^ b^^^^ to multiplex and the number of the samples which can be analyzed 

simultaneously can be increased sharply. 

f ExaSnlel Drawing 2 expresses one example. Mutually, in parallel, capillary-tube la which is a migration way 
[Examplej l^^S ^ j", ^ arr^iged at two dimensions. Allhough it fiUs up with the gel of 

IS arranged .^^^^ ll dLce capillary-tube la and gel do not attenuate fluorescence, the thing 
"^Sf™S^S S^S'tlS^^'^ iB order to stop the outgoingradiation of the 

of the ^^''™"^'*"t^^YnS^ side, the quality of the material of cpillary-labc la has the desirable thing 
o?rS"r:i^cre1^dTto^^ -d UffeV Uquld. ^thc quality of the material of such eapiUaxy-tube la, quartz 

SlS2rSf tifsoffit of the bunch of capiUaxy-tube la is dipped the buffer 'i^^'i"^.^;^* ^^^^ 
mb 3I T?.6 base of soffit side buffer tub 3a which counters the soffit side of capillaiy-tube 1 a consists of the 

Y^l^^^'^^'e^lfZ^S^^^^ ^ 8— Ax ion laser and tb^ YAG laser are prepared as the 
L^iVslS^e 20, and an Ar ion laser, an YAG laser, and optical system are arrang^ so that the laser beam from 
tiic l^cr beam and YAG laser from an Ar ion laser may serve as an excitation Ught beam oil tlie same optical 
Ss One m^^ of S^erating the excitation Ught beam 4 oscillates a 488nm laser beam from an Ar lon laser 
SfrSes t^rr^er beam whifh is made to oscillate a 532nm laser beam and contains two lands of wavelength 
&c cxSon light beam 4 from an YAG laser. Only using an Ar ion laser other mcfliods of gaiCTatmg the 
e^cSS iSht bcam 4 oscillate simultaneously the laser beam of two kinds of the wavelength (488nm and 
514 5nml and let them be the excitation U^t beams 4. . ^ . t. i- „ j,„.,io^r.- 

rOOiai In order to make the excitation Ught beam A into the thing of the shape of a straight line perpendicular tc 
he miCTation direction, a beam expander and the optical system 22 containing the cylindrical lens are arranged 
on the^pS pa^ of the excitation light beam 4. A beam expander extends a beam, extends the *«citation hgh 
beam which cLies out incid«snce l^om the Ught source 20. and irradiates m duxjcUon of ^ capiUary-tubc 

The excitation light beam 4 which a cylindrical lens makes converge the excitation ligto beam 4 which 
^s rfJc to be cxtondcdby the beam expander in the shape of a line, and t converged m the =t;q>e of a kne is 
" ■ irradiMed by the capiUary-tubc array along with the straight hue which intersects perpendicularly widi the 
SSdSion from the direction which intersects the field of a capillary-tube array. The hght source 20 
and optical system 22 constitute excitation optical system. xc.. -j t -iio^ ♦..v,- i « tr 

r0013] In order to lead the light which carried out outgoing radiation from the soffit side of oapillary-tube 1 a tc 
the 2-aimensional detector 7, a mirror 24 is arranged on the outside of the base of buffer tub 3 a, and m order tc 
SSgc formation of the light rettected by the mirror 24 to a detector 7, Lenses 5a and Sbare ar^gcd 
Am^ng Lenses 5a and 5b. the Hght filter 6 for making only a nuoresceuee component penetrate among the ligl 
which carried out outgoing radiation from the end face of a capillary tube is arranged. As a detector 7, a CCD 
camera, a vidicon (image pick-up tube), etc. arc suitable. „ * i. »,.r,^» onH fhe 

r00141 Ooeration of this example is explained. An indicator is earned out with a fluorescent substance and the 
KSpli^^K from Oieupp^ limit of capillaiy-tubelami^^^^ 

^Sg^tion voltage impressed from a power supply 10. If the line-hke excitation hght 4 i3 mradiated in the 
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iniddle of migration and a sample passes the irradiation part of tlic laser beam 4, it will be excited by the laser 
beam and fluorescence will be emitted. A part of this fluorescence is spread in the length direction of cj^llaiy- 
tubc la, without carrying out total reflection on the front face of capillaiy-tube la, and carrying out outgoing 
radiation from the side of capillaTy-tube J a, and it carries out outgoing radiation from the sofHt of capillary- 
tube la. In order to suppress dispersion in a capillaiy-tube la front face at this time, it is desirable to use a 
capillary tube with a smooth front face, and to cany out short **** composition of the distance from tlie laser 
radiation part of a capillary tube to a soffit as much as possible. Tt is reflected by the mirror 24 and condensed 
with Lenses 5a and 5b, and after the Ught which carried out outgoing radiation from the soffit of capillary-tube 
la is distinguished Iiom background light and excitation liglit with a light filter 6, it is led to a detector 7, The 
output of a detector 7 is inputted into a computer 8, and is processed, and the migration data point of each 
capillary-tube la is obtained. 
[0015] 

[Effect of the Invention] In this invention, since it was made to detect fluorescence from the soffit side of a 
c^illary tube, a capillary-tube array can also be arranged to multiplex and the number of the samples which 
can be analyzed isimultancoiisly can be increased sharply. Moreover, since the fluorescence which carries out 
outgoing radiation from the end face of a capillary mbe is detected, incidence to a fluorescence detection - 
system can be made easy by bending a capillary tube. 



[Translation done] 
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* NOTICES * 

Japan Patent Office is not reeponeible for any 
damages caused by Clio "upe of this taraxiBlatioii, 

1 . This documenl has been translated by computcr.So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3, In the drawings, any words are not translated. 



CLAIMS 



[Claim 1] The multi-capillaiy-tube electrophoresis apparatus characterized by providing the following. It is 
prepared in the upper-limit section and the sofSt section of two or more capillary tubes and a capillary tube 
which it filled up with gel and were arranged in parallel mutually. The buffer tub by which the base or the side 
which counters the soffit side of a capillary tube by the soffit section side while holding the buffer liquid which 
contacts the gel in a capiUary tube electrically is constituted from a transparent member, Aad the multi- 
capillary-tubc array migration section by which it has the migration power supply which impresses migratioti 
voltage to the gel in a capillary tube through both buffer liquid, the sample by which the iiidicator was carried 
out with the fluorescent substance is injected into each capillary tube, and electrophoresis is simultaneously 
carried out by all capillary uibes. Excitation optica] system which irradiates au excitation ligjit beam along with 
one straight line which intersects perpendicularly with the migration direction at all capillary tubes from the 
direction which intersects the field of the capillary-tube array of the aforementioned multi-capillaiy-tube airay 
migration section. A detector and the fluorescence detection system equipped with the optical system which 
leads to the aforementioned detector what penetrated and carried out outgoing radiation of the transparent base 
or the transparent side of a buffer tub of the soffit section from the soffit side of a capiDary tube by the 
fluorescence generated from the sample of all the capillary tubes excited by the excitation light beam of the 
aforementioned excitation optical system. 



[Translation done.] 
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DESCRIPTION OF DitA WINGS 
[Brief Description of the Drawings] 

[Dr awing 11 It is the outline perspective diagrana showing the conventional electrophoresis apparatus. 

[Drawing 2] It is the outline perspective diagram showing the electrophoresis apparatus of one example, 

[Description of Notations] 

la Capillary tube 

2 3aBujTcrlub 

4 Excitation Light Beam 

5a, 5b Lens 

7 2-di'men5ioTial Detector 
20 Light Source 
22 Optical System 



[Translation done.] 
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